Objective To characterize how early mobilization is defined in the published literature and describe the evidence on safety and efficacy on early mobilization in critically ill children.
C hildren are at risk of physical, neurocognitive, and psychosocial sequelae as a result of critical illness. [1] [2] [3] These complications significantly impact the functional recovery and quality of life of critically ill children and their families after hospital discharge. 4, 5 As a result, there is great interest in acute rehabilitation interventions initiated in the intensive care unit (ICU) setting for both children and adults. There is a growing body of evidence demonstrating safety, efficacy, and cost effectiveness of early mobilization in critically ill adults. [6] [7] [8] [9] [10] [11] [12] Multimodal, interdisciplinary approaches to mobility-based physical therapy are associated with decreased muscle weakness, sedation requirements, delirium, length of mechanical ventilation, and length of hospital stay in adults. [8] [9] [10] [11] [12] However, the evidence in children is unclear, particularly with respect to what constitutes mobilization, the timing, appropriateness, and approaches to mobilizing children in the pediatric ICU (PICU).
The objective of this review was to systematically evaluate the literature on early mobilization in critically ill children. Our specific aims are to characterize the spectrum of definitions of (1) mobility-based therapies or interventions, (2) "early" mobilization, and (3) safety criteria for mobilization. Also, we aim to assess adverse events and efficacy outcomes (ie, mortality, morbidities, days in PICU) related to mobilization in critically ill children.
Methods
We followed the PRISMA guidelines and the Cochrane Handbook for conducting systematic reviews and meta-analysis 13, 14 and the protocol was registered on PROSPERO. 15 
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Data Extraction
Citations were reviewed and managed using Covidence (https:// www.covidence.org/). Titles and abstracts were screened by 2 independent reviewers. Disagreements were resolved by consensus. Full texts of included and uncertain studies were reviewed in duplicate, with a third reviewer as necessary. Data were extracted by 2 independent researchers. Disagreements were resolved by consensus and by a third reviewer when necessary. Study authors were contacted for additional information or clarification when necessary.
Assessment of Methodological Quality
We used the Newcastle-Ottawa Scale 16 to assess the methodologic quality of nonrandomized studies. The Newcastle-Ottawa Scale contains 3 major domains: selection of subjects, comparability between groups, and the outcome measures. The maximum score for each area is 4, 2, and 3 points, respectively. A total score of 3 or lower indicates low methodologic quality, and a score of 4-5 indicates moderate, and 6 or greater indicates high quality for an observational study. We assessed quality of randomized trials with the Cochrane risk of bias tool. 17 Quality assessments were done independently by researchers who were not coauthors on any of the included papers.
Data Synthesis and Statistical Analyses
Subgroups analyses, sensitivity analyses, or specific assessment of publication bias for the efficacy outcomes were not set a priori because we deemed it improbable to find an important number of published randomized or registered clinical trials in pediatrics. The data was summarized descriptively in tables using counts, proportions, means and SD, or medians and IQR where appropriate. Summary statistics and combined data from eligible studies are presented as means and SD, or risk ratios with 95% CI. For efficacy outcomes, we performed an overall assessment of the certainty of the body of evidence (also called quality of the evidence or confidence in the effect estimates) for each outcome following the Grading of Recommendations Assessment Development and Evaluation (GRADE) approach. 18 We used the GRADEpro Guideline Development tool (www.gradepro.org) to produce a summary of findings table and evidence profiles.
Results
We retrieved a total of 1199 citations (after removal of 185 duplicates), of which, after title and abstract screening, 92 fulltexts articles were assessed, yielding 12 studies on mobilization in the PICU (Figure; available at www.jpeds.com) consisting of 1 clinical practice recommendation 19 and 11 individual studies. These 11 studies evaluated mobilization in a total of 1178 children with a range of medical-surgical and neurocritical care diagnoses, conducted across 3 different countries. Of these studies, there were 2 pilot randomized controlled trials (RCTs), 20, 21 3 prospective single arm studies, [22] [23] [24] 4 pre-post intervention (before-after) studies, [25] [26] [27] [28] and 2 retrospective cohort studies. 29, 30 The characteristics of these studies and main results for definitions are summarized in Table I and Table II . Details of excluded studies are provided in Appendix 2 (available at www.jpeds.com).
Risk of Bias Assessment
In nonrandomized studies, the Newcastle-Ottawa Scale quality score ranged from 5 to 7, that is, moderate to high quality (Table III) . The 2 included RCTs were pilot feasibility trials with a low risk of bias from the randomization process (selection bias), incomplete outcome data (attrition bias), or selective reporting. There is some potential for performance and detection bias in both RCTs owing to the inability to blind participants and investigators to the intervention. Mobility Interventions, Timing, and Definitions of "Early" Mobilization was specifically described by 4 of 11 individual studies and the clinical practice guideline, as graduated, developmentally appropriate, active, and/or strengthening exercises (Table I) . These same studies categorized chest physiotherapy, passive range of motion, stretching, and repositioning as "nonmobility" interventions. The studies by Choong et al in 2015 and Wieczorek et al respectively defined levels of increasing mobility activities to objectify physical therapy goals and included neurodevelopmental play as a mobility intervention. 23, 26 Four studies used interactive videogames and/ or in-bed cycling to facilitate mobilization. 3, [22] [23] [24] "Early" mobilization was defined as within 48 hours of PICU admission in 3 studies 21, 29, 30 and 72 hours of PICU admission in another. 26 The wEECYCLE pilot RCT evaluated early mobilization practice guidelines as their standard of care, which recommended screening for appropriateness within 24 hours of PICU admission, and defined early as when contraindications are absent and a set of systems-based safety criteria are met. 19, 20 Appropriateness, Safety Criteria, and Feasibility of Mobilization All of the interventional studies considered cardiorespiratory instability, intracranial hypertension, and spinal instability as contraindications to mobilization ( Table II) . The PICU Up! study included extracorporeal life support and having an open chest or abdomen as contraindications. 26 However, none of these studies explicitly defined thresholds for cardiorespiratory instability. The wEECYCLE Pilot 20 and PICU Up! 26 studies both specified that vasoactive infusions and/or high mechanical ventilatory support are not contraindications but precautions to mobilization. All studies considered similar adverse events for interrupting or terminating mobilization based on acute hypotension or hypertension, arrhythmia, hypoxemia, accidental device dislodgement, patient intolerance, and falls. All 11 included studies reported that mobilization was feasible in the PICU and 3 of these studies identified barriers and threats to implementing mobilization in this population. 26, 29, 30 The most common barriers to mobilizing critically ill children were resource limitations, excessive patient sedation, the need for patient cooperation, and apprehension with early mobilization expressed by healthcare personnel and family caregivers. None of the included studies observed a significant increase in adverse events attributable to mobilization (Table II) . We estimated from a total of 11 studies reporting on 1178 children, only 13 patients (1.1%) experienced an adverse event attributable to mobilization.
Efficacy of Mobilization
The 4 pre-post studies and the wEECYCLE Pilot RCT found that the institution of interdisciplinary early mobilization programs significantly increased the frequency of rehabilitation consults, improved the proportion of patients who receive early mobilization, and reduced the time to mobilization. 20, [25] [26] [27] [28] The following efficacy outcomes have been evaluated as secondary endpoints: duration of mechanical ventilation, PICU duration of stay, mortality, and PICU-acquired morbidities. Only 1 study measured functional outcomes. 20 The effect of mobilization on these outcomes and the certainty of the evidence as assessed using GRADE are summarized in Table IV . The overall certainty of evidence for these outcomes was low or very low. We decided not to obtain pooled estimates owing to the 
Discussion
The results of this systematic review of early mobilization in critically ill children demonstrate the following key findings: (1) "early" is defined as either a range (within 48-72 hours) from PICU admission, or when contraindications are absent and clinical safety criteria are met, (2) neurodevelopmentally appropriate increasing mobility levels have been defined for critically ill children, (3) mobility-based physical rehabilitation is safe and feasible, and (4) the efficacy for early mobilization in this population is as yet undetermined because of the low certainty in the currently available evidence. Although the evidence on early mobilization in critically ill adults has been accumulating, this field of research in critically ill children is still in its infancy. There are several reasons why this field of research is lagging behind in pediatrics compared with adults and unique challenges to conducting early mobilization research in this population exist. First, buy-in is challenging. Clinicians and families caring for critically ill children remain skeptical or uncomfortable about early mobilization, not only because of the implications it may have on other concurrent interventions, such as sedation, but also owing to the resources and potential workload required to mobilize a patient. 31 Second, the PICU population is heterogeneous; these children span across broad developmental and cognitive ages.
More than 60% of children have chronic comorbidities and one-half have baseline functional disabilities. 3, 32 Defining mobility is, therefore, not straightforward in critically ill children and needs to consider the cognitive, functional, and developmental abilities for each child. Third, it is challenging to evaluate the dose-response and efficacy of mobility interventions, because the appropriate dosing of this intervention in terms of intensity and duration has yet to be established in children with varying and evolving severity of critical illness. Although there are several tools for assessing, describing, and measuring mobility in critically ill adults, 14, 33, 34 these measures are not validated in children. Levels of permissible mobility activities have been empirically developed for children, but are inconsistent. 3, 26 Therefore, the patient selection, safety, and feasibility results from this systematic review may be used to advance the development of similar tools in children.
The safe timing for initiating mobilization in children with high severity illness who are receiving invasive support and the best timing for a mobility intervention to impact on patient outcomes cannot be answered with the current evidence. The included studies in this review that defined early varied between using a timeframe from PICU admission, that is, within 48-72 hours, and empiric clinical measures reflective of current clinician comfort with mobilization surrogates. Traditionally, cardiorespiratory instability is a common reason to immobilize patients. 35 The results of this review suggest that levels of comfort with mobilization may be evolving with increasing safety and feasibility data in children and indirect evidence from the adult population. Cardiorespiratory instability Two studies (n = 257 patients) did not detect a significant difference between groups. 25, 26 Three studies 27, 28, 30 with 314 patients favor the mobility group; while one multicenter study 29 with 600 patients observed a difference favoring the group without mobilization. One study did not present results by group of study. Morbidities were present in 5 of 178 participants (2.8%) in the mobility group, and in 6 of 458 (1.31%) in the control group. 29, 30 GRADE Working Group grades of evidence. High certainty (⊕⊕⊕⊕): We are very confident that the true effect lies close to that of the estimate of the effect. Moderate certainty (⊕⊕⊕○): We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low certainty (⊕⊕○○): Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect. Very low certainty (⊕○○○): We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect. *Pilot single-center trial with 30 patients and no events in total mortality. These studies aimed to assess the feasibility of future clinical trials. †Most cohort studies were uncontrolled with no assessment or adjustment of confounders. ‡Important differences in study design, clinical setting, patients' characteristics, and interventions. §Small number of patients. We preferred not to perform a pooled estimate (meta-analysis). The small number of patients and events preclude gives a judgment of serious about imprecision. ¶Composite outcome of at least one morbidity -weakness, pressure ulcer, joint contracture, or delirium.
is no longer a contraindication to mobilization, but rather a precaution to mobilization. 20, 26 Other reviews agree with our results. 6,7,36 Although we did not include retrospective evidence from case series, casecontrol studies, or indirect evidence from adult populations, we were successful at including several prospective interventional studies [23] [24] [25] [26] [27] [28] and 2 pilot RCTs 20, 21 in pediatric populations that emerged since the last published review. 36 Our inclusion criteria aimed at also including observational studies and guidelines that were helpful with the definition of early mobilization and provide information on feasibility issues. What is consistent from this current body of pediatric literature is that early mobilization is safe and feasible. This study not only highlights the need for more research in this area, but it is also an important first step in prompting the development of standardized descriptions for patient selection, timing, and dosage of mobilization in critically ill children and determining appropriate patient-centered outcomes to evaluate its efficacy and how these may be best measured in future trials on early mobilization.
The main strength of our review is that it provides information on 2 fronts: first, for describing how early mobilization interventions are defined and used, as well as feasibility and safety issues; and second, for evaluating the efficacy of clinically important outcomes using GRADE. Our work aims at highlighting the aspects of safety and feasibility, especially on the contraindications for considering early mobilization and the criteria for terminating, as described in Table II .
Although pediatric data are scarce, the variability in definitions and contraindications to early mobilization also varies among the adult literature (eg, from <48 hours to <72 hours), even when more evidence from this population is available. 7, 10, 11, 37, 38 However, both bodies of evidence are in agreement in terms of safety and feasibility of early mobilization interventions.
As in any review, our limitations include the possibility of bias in the review process. We tried to avoid this by rigorously following the PRISMA guidelines and reporting process, with a published protocol, and transparently performing all screening, data extraction, and risk of bias assessment in duplicate and with a third assessor when discrepancies were found.
The evidence from current interventional studies suggest that the use of institutional early mobilization guidelines and the support of interdisciplinary team education and resources increases the proportion of patients who receive acute rehabilitation consults and assessments, as well as the frequency of and the time to mobilization for these children. However, there are patient-, caregiver-, and resource-related barriers to executing mobility therapy in this population. The impact of early mobilization on the efficacy outcomes in critically ill children remains to be seen owing to the paucity of prospective trials and, therefore, the low certainty in the evidence to date. Although this is a challenging field of study in pediatrics, the evidence for early mobilization in critically ill children is growing and it is clear that further research on its efficacy is needed. ■ (MH "Pediatrics") S24
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